
Lunar Phases and Eclipses 



The Moon – A Short History 
The Moon is a cold, rocky body about 2,160 miles in diameter. 

It has no light of its own but shines by sunlight reflected from 

its surface. The Moon orbits Earth about once every 29 and a 

half days. 

But how did the Moon get there? 



4.5 Billion Years Ago 

The Earth has recently been forged out of the debris of star 

formation, assembled from dust that became rock, then 

boulders that collided and grew. Other planetary hopefuls roam 

the solar system. Impacts are frequent. The scene is hectic. 



A large rock, about the size of Mars, is doomed. It’s heading 

toward Earth, destined for a slightly off-center impact that will 

set everything that isn’t already rotating into a frenzy of spin. 



Upon impact, material from the incoming object and from the 

new Earth is cast into space. A ring of debris orbits the planet, 

and in an amazingly short amount of time it begins to coalesce 

into a satellite. It takes somewhere between 1 and 100 years for 

the Moon to gather most of the stuff into a ball. 



A billion years ago, the Moon was much closer to Earth than it 

is now. Its tighter orbit meant it needed just 20 days to go 

around us. A day on Earth back then was only 18 hours long. 

Earth’s overwhelming gravity has slowed the Moon’s rotation 

down and pushed the satellite away. Each year, it moves about 

1.6 inches farther into space.  



One amazing result is an observable set of very interesting 

facts. It takes the Moon 29.5 days to make one revolution 

about its axis. All the while, the Moon is also going around the 

earth. This orbit also takes 29.5 days. Because the Moon’s 

orbit and rotation times are the same, the satellite always 

shows the same face to Earth. 



The Disappearing Moon 

The Moon rises because Earth won’t stop rotating. Each day, 

though not at the same time, the moon comes up in the East 

and goes down in the West – much like the Sun and other 

stars. The reason for this is that Earth rotates on its axis, 

toward the East.  

Let’s visualize this: Put yourself 

on a merry-go-round, facing 

outward. With each revolution, 

a stationary friend comes into 

view at a certain point and then 

leaves your field of vision with 

a half-turn of the ride. 



Lunar phases are the result of our eyes seeing the 

illuminated half of the Moon from different viewing 

geometries. 



The Moon exhibits different phases as the relative geometry of 

the Sun, Earth and Moon change, appearing as a full moon 

when the Sun and Moon are on opposite sides of the Earth, and 

as a new moon when they are on the same side. 



The phases of full moon and new moon occur when the Earth, 

Moon, and Sun lie (approximately) in a straight line. The time 

between two full moons (or between successive occurrences 

of the same phase) is about 29.53 days. 





Lunar Eclipses 



Earth eclipses the Sun as seen from the Moon. When the 

Moon enters Earth’s shadow, we see a lunar eclipse.  

A lunar eclipse can only occur at Full Moon, and only if the 

Moon passes through some portion of the Earth’s shadow. 



The shadow is composed of two cone-shaped components, 

one nested inside the other. The outer or penumbral shadow is 

a zone where Earth blocks part but not all of the Sun’s rays 

from reaching the Moon. The inner or umbral shadow is a 

region where the Earth blocks all direct sunlight from reaching 

the Moon. 



Astronomers recognize three basic types of lunar eclipses: 

1. Penumbral – the Moon passes through Earth’s penumbral 

shadow. 

2. Partial – A portion of the Moon passes through Earth’s 

umbral shadow. 

3. Total – The entire Moon passes through Earth’s umbral 

shadow. 



Why don’t we have an eclipse every month during Full Moon? 

The Moon’s orbit around Earth is 

actually tipped about 5 degrees to 

Earth’s orbit around the Sun. 

So the Moon spends most of the 

time either above or below the 

plane of Earth’s orbit. Earth’s 

shadows lie in the same plane as 

Earth’s orbit around the Sun. 

The Moon usually passes above 

or below Earth’s shadows and 

misses them entirely. 



During a total lunar eclipse, the Earth blocks the Sun’s light 

from reaching the moon. While the Moon remains completely 

within Earth’s umbral shadow, indirect sunlight still manages 

to reach and illuminate it. However, this sunlight must first 

pass deep through the Earth’s atmosphere which filters out 

most of the blue colored light. 

The remaining light is a deep red or orange in color. The Moon 

can take on a range of colors from dark brown and red to 

bright orange and yellow.  



If the Earth had no atmosphere, then the moon would be 

completely black during a total eclipse. This shot was taken 

from the Space Station. 



Total eclipses tend to be very dark after major volcanic 

eruptions since these events dump large amounts of volcanic 

ash into Earth’s atmosphere.  

Using a standard list of lunar craters, one can carefully 

measure the exact time when each crater enters and leaves 

the umbral shadow. These crater timings can be used to 

estimate the enlargement of Earth’s atmosphere due to 

airborne dust and volcanic ash. 



The last in a series of three 

total lunar eclipses occurring 

within less than a year of 

each other that began last 

March (with a second one this 

past August) will occur on the 

evening of February 20th. 

The next total lunar eclipse 

won’t occur until December of 

2010. 



Notice that the Earth’s shadow is curved at all phases of the 

eclipse as the Moon passes through it. This is direct proof that 

our home planet itself is round – something recognized by the 

early Greeks. 



For this eclipse, the bright star Regulus will appear above 

the Moon during totality and the planet Saturn to its lower 

left. 


